We propose a new flavor model that can simlutaneously well-describe the indirect detection experiment of (decaying) dark matter in the cosmic-ray, with the binary icosahedral group A ′ 5 . We show not only that the A ′ 5 symmetry can derive quark and lepton masses and mixings consistently, but also that are expected some predictions for the lepton sector. And if we assume a gauge-singlet fermionic decaying dark matter, its decay operators are also constrained by this symmetry so that only dimension six operators of leptonic decay are allowed up to six dimensional Lagrangians. We find that the cosmic-ray anomalies reported by PAMELA and Fermi-LAT are well explained by decaying dark matter controlled by the A ′ 5 flavor symmetry, which induces universal decays.
Introduction
In spite of the great success of the Standard Model (SM) of the high energy physics, the origin of flavor structure, masses and mixings between generations, of matter particles are not uniquely determined yet. In order to overcome these challenges, plenty of models based on the principle of symmetry, flavor symmetry [1] , have been discussed. In particular, T2K recently reported rather large θ 13 mixing angle of the lepton mixing matrix (MakiNakagawa-Sakata matrix) U M N S [2] . It implies that one has to find how to explain the deviation from the tri-bi maximal form [3] . Among them, non-Abelian discrete symmetries are well discussed as plausible possibilities.
On the other hand, it has been established by the recent cosmological observations of Wilkinson Microwave Anisotropy Probe (WMAP) that about 23 % of energy density of the universe consists of Dark Matter (DM) [4] . And also an indirect detection experiment of dark matter (DM) in the cosmic-ray; Fermi-LAT [5] , recently shows the positron anomaly up to around 200 GeV energy range as well as the total flux of (e + + e − ) [6, 7] . It implies that it could be in good agreement of the PAMELA anomaly [8] . Moreover leptophilic DM is preferable, because PAMELA measured negative results for anti-proton excess [9] . However even if the main final state of scattering or decay of DM is τ + τ − , this annihilation/decay mode is disfavored because it overproduces gamma-rays as final state radiation [10] . This may indicate that these processes also reflect flavor structure of the theory when the cosmic-ray anomalies are induced by DM scattering or decay. There are several papers in which the DM nature is related to flavor symmetry [11, 12, 13, 14, 15, 16, 17, 18, 19] .
In such scenarios of decaying DM, no excess of anti-proton in the cosmic-ray [9] implies that lifetime of the DM particle should be of O (10 26 ) sec. This long lifetime is achieved if the TeV-scale DM (gauge singlet fermion X) decays into leptons by dimension six operatorsLELX/Λ 2 suppressed by GUT scale Λ ∼ 10 16 GeV [20] . In this case, the lifetime of the DM is estimated as Γ −1 ∼ ((TeV) 5 /Λ 4 ) −1 ∼ 10 26 sec. Remarkably, we have shown in our previous works [11, 19] that some Non-Abelian symmetries allowed only the term (+ mass term), and that continuous Abelian symmetries such as U(1) cannot be done in a general way [11] .
In this paper, we show that similar argument is possible in A ′ 5 flavor symmetry model as an extension of the A 4 /T 13 model. For the quark sector, we show the mass matrix with twelve free parameters (in the limit of no CP phases) that can be derived by embedding three generations into (doublet + singlet) representations of the flavor symmetry. It is expected that nine observables can be fitted easily. For the lepton sector, we find a promising mass matrix with only five free parameters (in the limit of no CP phases) that can be derived by embedding three generations into triplet representations of the flavor symmetry. For the DM, we find the specific decay modes of leptons since the mixing matrices are already determind by our flavor symmetries. As a result, we find that the cosmic-ray anomalies can be well-explained by fermionic DM decay controlled by A ′ 5 symmetry, which induces universal three body decays. This paper is organized as follows. We briefly explain the group theory of A the complete list of the multiplication rules in the appendix. In the section 2, we construct mass matrices of the quark and lepton sector in definite choice of A ′ 5 assignment of the fields, and show that there exists some predictions for leptons as well as a consistent set of parameters. In the section 3, we show that only desirable dimension six DM decay operators are allowed by A ′ 5 symmetry and that leptonic decay of the DM by those operators shows good agreement with the cosmic-ray anomaly experiments. The section 4 is devoted to the conclusions.
Matter Sector
A 5 adaptability for flavor physics was initially suggested by [22] . Subsequently, the group was considered by these authors [23] [24] [25] [26] . The binary icosahedral group was also considered in Ref. [27] . Here we find our mass matrice determined by A ′ 5 are fitted well. One finds the complete analysis of A ′ 5 in the appendix. Where, as a whole notice, we define the third componet of all fields included in more than A ′ 5 triplet as negative sign is multiplied; e.g., (a 1 , a 2 , −a 3 , a 4 , a 5 , a 6 ).
Quark Sector: We find the A ′ 5 × Z 4 invariant renormalizable Yukawa Lagrangian in the quark sector as
where H c = ǫH * and we assign these fields in Table 1 , and the number in parentheses of the above fields are the A invariant operators in Table 1 as
where the fundamental scale is assumed to be Λ = O(10 11 ) GeV. After the electroweak symmetry breaking , e.g., H = v i and φ i = v
We are remarkably expecting that there could be three predictions in the limit of non-CP phase. We have five free parameters, three of which come from charged-lepton sector, and two of which come from neutrino sector. As a result, we can fit three observed mixing angles of U M N S , using three charged-lepton masses and two neutrino mass differences as input paramters. Also they lead the normal hierarchy. However we should mention the latest result from the T2K experiment [21] ) GeV because of v = O (100) GeV and Λ = O(10 11 ) GeV. In the next section, we will discuss the decaying DM scenario.
3
Decaying Dark Matter Decaying Dark Matter Operators: To well-explain the indirect detection experiments reported by PAMELA and Fermi-Lat with decaying dark matter scenario, only the two terms are needed;
where m X is the DM mass. On the other hand, all the decay operators allowed by the SM gauge symmetry; SU(2) L × U(1) Y , are listed in Table 2 . Here we remarkably mention that these terms except forLELX are forbidden due to A ′ 5 × Z 4 symmetry by the field assignment of Table 1 . Consequently the DM mainly decays into three leptons. With the notation L i = (ν i , ℓ i ) = (U eL ) iα (ν α , ℓ α ) and E i = (U eR ) iβ E β (i = 1, 2, 3, α, β = e, µ, τ ), the four-Fermi decay interaction is given as
where ǫ is an anti-symmetric tensor, which satisfies ǫ eµτ = ǫ τ eµ = ǫ µτ e = −ǫ µeτ −ǫ eτ µ −ǫ τ µe . We used the mixing matrices U e(L,R) , which are given in Eq. (8) , from the second line to the last line in Eq. (12) . One notice is as follows. From a seven-opearator ofLH c Xφ
that cannot be forbidden by our symmetry, X decays to H, L with (v ′ /Λ) 3 suppresion after the spontaneous breaking of φ. Since v ′ /Λ is at most O(10 −3 ) to obtain the tauon mass as can be seen from the previous section, the coupling should be O(10 −12 ). Next, we consider the branching fraction of the DM decay through the A ′ 5 invariant Lagrangian;LELX. Due to the specific generation structure, X decays into several trileptons final state with the mixing-dependent rate. Thanks to the flavor symmetry, the decay width of DM per each flavor (Γ αβγ ≡ Γ(X → ν α ℓ + β ℓ − γ )) and the branching fraction of each decay mode [19] are simply given by the follwoing, respectively
where (α, β, γ) = (e, µ, τ ), (τ, e, µ), (µ, τ, e), (µ, e, τ ), (e, τ, µ), (τ, µ, e).
Here we have omitted the masses of charged leptons in the final states. As can be seen from the above equation, A ′ 5 symmetry induces universal three body decays. The DM mass m X and the total decay width Γ = α,β,γ Γ αβγ are chosen to be free parameters in the following analysis. Once the decay width and the branching fractions are given, one computes the positron fraction and the total flux of positron and electron. In this work we adopt the Navarro-Frank-White profile [33] ,
where ρ ⊙ ≃ 0.30 GeV/cm 3 is the local halo density around the solar system, r is the distance from the galactic center whose special values r ⊙ ≃ 8.5 kpc and r c ≃ 20 kpc are the distance to the solar system and the core radius of the profile, respectively. We also follow Ref. [11, 19] for diffusion model describing the propagation of positrons and electrons [34, 35, 36] , and backgrounds [34] . As can be seen from Eqs. (13) , the DM decays into various modes included in τ ± 1 as well as e ± and µ ± . However it might be 1 τ ± in the final state generally decays into hadrons, however such hadronic decays are suppressed by the electroweak coupling and the phase space factor. As a result, pure leptonic decays give dominant contribution, and it is consistent with no anti-proton excess of the PAMELA result [9] .
worth mentioing that the distribution function is almost the same as the T 13 model [19] , despite of the different decay rate. As a result, one finds in the next section that the same prediction will be found.
Results for PAMELA and Fermi-LAT: In Fig. 1 , we depict the positron fraction and the total flux. For the DM mass m X = 1.0, 1.5, 2.0, and 3.0 TeV, we show the results of the experimental data of PAMELA and Fermi-LAT. The total decay width Γ is fixed for each value of DM mass so that the best fit value explains the experimental data. With a simple χ 2 analysis for the PAMELA result, we find Γ 25 sec for m X = 1.0, 1.5, 2.0, and 3.0 TeV, respectively. All the lines are well-fitted for PAMELA. On the other hand, the fitting lines are required rather heavy DM mass; 3 TeV < m X for Fermi-LAT. Here it might be worth mentioning that the recent gammaray measurement [37, 38] from cluster of galaxies tells us not to have any allowed region consistent with the PAMELA and Fermi-LAT results simultaneously, because mass and lifetime of X are strongly constrained. In order to escape these constraints, one might find that mass and lifetime of the DM be lighter than ∼ O(TeV) and longer than ∼ O(10 27 ) sec, respectively. In that case, only the PAMELA results can be explained by the decaying DM.
Conclusions
We have considered a new flavor symmetric model based on a non-Abelian discrete symmetry A ′ 5 . The form of mass matrices are determined by the assignment of A ′ 5 charges and the multiplication rules. We have shown that masses and mixings in the quark and lepton sector are derived in the A ′ 5 model consistently. Furethermore, it is expected that there exist some predictions for lepton sector.
We have also shown that the decay of gauge-singlet fermionic dark matter can explain the cosmic-ray anomalies well reported by the PAMELA and Fermi-LAT experiments, due to the universal decay coming from A ′ 5 symemtry. For completeness, a comprehensive analysis of mass matrices and its phenomenology in A ′ 5 symmetric models will be published elsewhere [39] . . The down figure is the total e + + e − flux, in which the light green plot is Fermi-LAT [6, 7] . Where the DM mass is fixed to 1.0, 1.5, 2.0, and 3.0 TeV. As for the DM decay width used in the fit, see the text. 
A The Binary Icosahedral Group
We recall the binary icosahedral group A ′ 5 , which is a double covering group of A 5 . It has 120 elements and nine congugacy classes, as can be seen in Table 3 . The representations of
is realized as a subgroup of SU(2) which is generated by
where ε = exp(2πi/5) and
and S, T satisfy
We have another realization of A ′ 5 as follows:
B Representations of A ′ 5
Let
2 ) be the fundamental representations determined by Eqs. (15) and (18), respectively. We define ρ n (ρ ′ n ) as the n-th symmetric products of ρ 1 (ρ ′ 1 ), which are written by
respectively. Here ( n i ) is a binomial coefficient. We can check
by direct computation. Since ρ ′ n is "conjugate" to ρ n , we have ρ
We define representation matrices of irreducible representations of A ′ 5 as follows. Table  4 . To decompose ρ n ⊗ ρ m (n ≤ m), we apply Clebsch-Gordan formula
For example, we have
We write down the whole tensor products below. 
